Context: The Affordable Care Act (ACA) completed its second open enrollment period in February 2015. Assessing the law's effects has major policy implications.
Surveys show significant decreases in the uninsured rate since early 2014, [3] [4] [5] with coverage gains largest in states that expanded Medicaid. [6] [7] [8] However, most prior analyses have not adjusted for factors other than the ACA that can affect coverage, including the economy and baseline trends.
Moreover, how coverage expansion is affecting access to care and health remain important questions. Several analyses have found preliminary declines in cost-related barriers to care under the ACA. 8, 9 Prior expansions (state Medicaid expansions, Massachusetts' 2006 health reform, and the ACA's 2010 provision allowing young adults to stay on their parents' plans until 26) also produced improvements in access to care and self-reported health within the first two years of coverage. [10] [11] [12] [13] [14] [15] Whether similar changes have occurred in the current coverage expansion is unknown.
The objectives of this study were to assess national changes in self-reported coverage, access to care, and health during the law's first two open enrollment periods, and to assess differences between low-income adults in states that expanded Medicaid and their counterparts in non-expanding states.
METHODS

This study used a survey approved by the Gallup Corporation's Institutional Review
Board. The authors at HHS only had access to de-identified data, which is exempted as nonhuman subjects research under the HHS Common Rule.
Study Design
This study examined changes in trends over time for the uninsured rate, measures of access to care, and self-reported health status under the ACA using multivariable regression to adjust for important confounders such as unemployment and income. Two alternative models were used, one using quarterly indicators to measure changes from the baseline pre-ACA trend, and the other using an interrupted time-series design in which the slope of changes in each outcome was allowed to shift as of October 2013, when the first open enrollment period began.
The data spanned January 1, 2012, through March 31, 2015 . The study period began in 2012 because major insurance changes were occurring throughout 2010-2011 due to the ACA's dependent coverage provision. 7, 16, 17 While there is no clear control group to assess the law's overall effect across all income groups, the Medicaid expansion -which began on January 1, 2014, in most participating statesdid offer a natural control group for lower-income adults: states that elected not to expand Medicaid. A differences-in-differences design was used to compare changes in outcomes among low-income adults in expansion versus non-expansion states.
Data
The data source for these analyses was the Gallup-Healthways Well-Being Index (WBI), a continuously-fielded daily telephone survey of U.S. adults that includes cell phone and landline users in all 50 states and Washington DC. The WBI offers several advantages: a large national sample; rapid availability of data allowing for analysis of results after the end of the second open enrollment period; and several outcomes related to access to care and health. The survey's primary limitation is its low response rate, between 5-10%, similar to other household telephone polls without financial incentives for participation. 18, 19 However, previous research showed that the WBI provides estimates of changes in the uninsured rate over time and estimates related to access to care and health status that correlate closely to those from federal surveys generally considered the "gold-standard" for these outcomes. 20 Moreover, previously published analyses with the WBI have shown strong correlation with official enrollment statistics for the ACA and with subsequently-released survey data from the federal interview surveys. 7, 8, 21, 22 Following previous work, 8 these results were weighted to national demographic benchmarks from Census data to mitigate potential non-response bias. 23 See the online supplement for additional details on the WBI.
The main study outcomes were six self-reported measures: being uninsured, not having a personal physician, whether or not it is "easy to get" medications, difficulties affording needed medical care for an individual or family member in the past year, overall health status, and percentage of days in the past month in which activities were limited by poor health. See the online supplement for question wording. To facilitate comparison, all measures were converted so that higher proportions indicated adverse outcomes (being uninsured, lacking a personal physician, poor health status, etc.).
Statistical Analysis 6
The first part of the analysis used the full national sample of non-elderly adults, ages 18- 24 calendar month (to adjust for seasonality), and state of residence. As an alternative, an interrupted time-series analysis also was conducted, which allowed for distinct linear monthly trends in each outcome before and after October 1,
See the online supplement for full regression equations.
Subgroup analyses were conducted based on race/ethnicity, gender, urban vs. rural residence, and the presence of at least one chronic condition measured in the survey (whether a respondent had "ever been told" by a health professional that they had hypertension, high cholesterol, diabetes, depression, heart attack, asthma, and cancer). For each subgroup category (e.g. race), the analysis used the primary model described above, with the addition of interaction terms between each category of subgroup (e.g. white, black, Latino, and other) and the time trend and quarterly indicators, and then tested for between-group differences in the Q1 2015 estimates across subgroups. 7
The second part of the analysis focused on adults with estimated incomes below 138% of state-level to account for serial autocorrelation. 26 Sociodemographic covariates were the same as above.
The time-series analysis using all income groups controlled for household income as reported in the survey, in 10 discrete categories plus one for missing/unreported income. For the analysis of the Medicaid expansion, these categories were converted into a percentage of the federal poverty level, using the midpoint of the income categories, household size, and federal poverty guidelines (see online supplement for details on missing values and sensitivity analyses). 27 Analyses were conducted using Stata 12.0. Statistical significance was set at p≤0.05, using two-tailed tests.
RESULTS
The full sample included 507,055 adults, and the low-income sample included 48,905 in the 28 states and Washington D.C. that expanded Medicaid prior to March 2015 and 37,283 adults in the 22 states that had not expanded Medicaid (Table 1 ). Compared to the full sample, the low-income sample was younger and less likely to be white, male, or employed. Roughly half of both samples reported at least one chronic condition. Interrupted time-series models (eTable 1) showed that for all 6 outcomes, post-ACA changes demonstrated significant improvements from the pre-ACA adverse trends. For 5 of 6 variables, the coefficient for the adjusted post-ACA trend was larger than the pre-ACA trend, indicating a net reversal in trend after October 2013. For example, before the ACA, the uninsured rate increased by 0.10% per month (95% CI 0.08 0.13); in the post-ACA period, the differential change in trend was -0.44% per month (95% CI -0.49, -0.39), yielding an absolute change after the ACA of -0.34% per month (95% CI -0.39, -0.30). Figure 2 shows the adjusted scatterplot for the uninsured rate, with the superimposed regression-based time trends. eFigures 1-5 show similar scatterplots for the remaining outcomes. For days limited by poor health, the pre-ACA adverse trend slowed but did not reverse after October 2013.
Adjusted Q1 2015 changes by subgroup are shown in Table 3 . Changes in insurance and access to medications varied significantly by race, with greater changes among racial and ethnic minorities. The reduction in the uninsured rate among Latinos (-11.9%; 95% CI -15.3, -8.5) was greater than the reduction among whites (-6.1%; 95% CI -7.3, -4.8; between-group difference <0.001). Changes in the uninsured rate, lack of a personal physician,, and self-reported health did not vary significantly by gender, rurality, or the presence of chronic medical conditions. Improvement in access to medicine was significantly greater for urban than rural residents, and affordability of care improved significantly more for men than women.
The results of the differences-in-differences analysis of the Medicaid expansion (Table   4 ) demonstrated that the uninsured rate declined among low-income adults in both expansion and non-expansion states, but with a significantly greater reduction in the expansion states Whether these changes are related directly to the ACA's coverage expansions is not possible to determine with a time-series study design. For instance, the economic recovery may have also influenced the study outcomes, though the analysis did adjust for several potential confounders including income, individual employment, and state unemployment rates. The pattern of coverage gains accompanied by improved self-reported health has been documented previously in a randomized trial of Medicaid 11, 14 and several quasi-experimental studies of coverage expansions. 10, 12, 13, 30, 31 From a clinical perspective, it is notable that we detected positive trends in self-reported health and functional status among individuals with chronic medical conditions, who may potentially benefit most from expanded coverage. These results might reflect changes in the management of chronic conditions, 32 Our study has several important limitations. First, to provide timely analysis of a rich set of ACA-related outcomes, we used the WBI national telephone survey, which has a much lower response rate (ranging from 5% to 10% during the study period, and that has also declined in recent years) than federal surveys that typically become available a minimum of 6-12 months after data collection. Non-response bias can be mitigated -but not necessarily eliminatedthrough appropriate demographic weighting, which we have done. 18, 23 More importantly, WBI data from 2008-2012 have been compared to government surveys and found to produce similar estimates of insurance coverage changes over time and access to care; 20 in addition, previously published estimates of changes under the ACA based on the WBI have been consistent with subsequently-released data from government sources. 7, 8, 16, 21, 36 Although the WBI historically has produced approximately 2 percentage-point lower estimates of the uninsured rate than federal surveys and slightly higher estimates of the proportion in fair/poor health (see the online supplement), these differences should have minimal influence on our study design, which assessed changes in outcomes over time, rather than the absolute level of each outcome.
The WBI is not reliable at distinguishing between different types of insurance, which is why this analysis focused on the uninsured rate. 20 The WBI's household income measure is limited and does not correspond directly to the definition of family income used for ACA eligibility determinations, which led us to test multiple alternative approaches to defining the low-income sample.
Another key limitation is the lack of a control group for the time-series analysis of adults across the full income range, because all states are affected by numerous provisions of the law.
This limited our study to an observational analysis exploring changes in trends after adjustment for potential confounders. The Medicaid expansion analysis used a more rigorous design but was still subject to potential bias from any unmeasured confounders that differentially changed over time in expansion versus non-expansion states.
In addition, surveys are subject to recall bias and social desirability bias. In part, this may explain the improvements in health trends reported in the national sample, as some individuals' perceptions of health may be influenced by the law or by acquiring insurance even if underlying physiologic measures have not necessarily improved. 11 However, social desirability 14 seems an unlikely explanation for these results, as the ACA remains a polarizing law with nearly equal numbers of Americans opposing it and supporting it. 37 Future research using claims data and other objective measures will be necessary to better understand changes in utilization and health outcomes related to the ACA.
Conclusions
The 
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Notes: "95% CI" = 95% confidence interval. Sample contains adults ages 18-64 with incomes estimated to be below 138% of the federal poverty level (n=86,188), excluding the fourth quarter of 2013 as a washout period (5753 observations) and excluding observations with non-response for a given outcome. Analyses used multivariable linear regression models adjusted for state, month and year, age, sex, marital status, race/ethnicity, urban vs. rural residence, employment status, income, and state-year unemployment rate. Analyses used robust standard errors clustered by state. Pre-ACA mean is the mean for each outcome from January 2012-September 2013. Post-ACA mean is the mean for each outcome from January 2014-March 2015.
APPENDIX eMETHODS Regression Equations:
Changes in Coverage, Access, and Health Trends, with Multivariable Adjustment Uninsured ist = β 0 +β 1 TimeTrend t +β 2 Q4 2013 t +β 3 Q1 2014 t +β 4 Q2 2014 t +β 5 Q3 2014 t +β 6 Q4 2014 t +β 7 Q1 2015 t + β 8 UnemploymentRate st
Equation (1) where i indexed person, s state, and t date. TimeTrend was a linear variable measuring the number of months since the beginning of the study period (January 2012 Differences-in-Differences Analysis of Coverage for Low-Income Adults:
MedicaidExpansion was equal to 1 for observations in states in which the Medicaid expansion was in effect as of the first of the month, and 0 for all other observations; this approach allows for differential start dates of the Medicaid expansion by state. State fixed effects (Ω) captured any state-level differences in outcomes across the full study period, including the direct impact of living in an expansion state. Month-year fixed effects (∂) captured any nationwide differences in outcomes for each month during the study, including the direct impact of the post-ACA period. β 1 was the differences-in-differences estimate for how much the uninsured rate changed 
Pre-ACA Trend Comparison for Expansion versus Non-Expansion States in the Differences-in-Differences Analysis
Uninsured ist = β 0 + β 1 TimeTrend t + β 2 ExpansionState s *TimeTrend t + β 3 UnemploymentRate st
Equation (4) A key assumption in a differences-in-differences analysis is that the pre-policy period trends between the two comparison groups are similar. This analysis (presented in Appendix eTable3)
tested the pre-ACA trends in expansion vs. non-expansion states. Using data limited to the Pre-ACA period (Q1 2012-Q3 2013), we modeled each outcome as a function of a monthly time trend and an interaction term for the monthly time trend and whether a state ever expanded
Medicaid during the study period (ExpansionState). β 2 identified any diverging pre-ACA trend in expansion states, compared to non-expansion states. All models were survey-weighted linear regressions.
Income Estimates and Defining the Low-Income Sample:
To convert income from the survey's ten discrete categories into a percentage of the federal poverty level, we converted each income category into a dollar term using the midpoint of the category range (e.g. $9000 for people reporting income between $6000 and $12,000), and used multivariable regression to impute missing income for the 12% of the sample that did not report income, based on sex, age, race/ethnicity, education, marital status, household size, employment, and state of residence. This differs from the imputation method in a prior analysis of Gallup data (reference 8 in the manuscript), which incorporated insurance and other health measures into the imputation model; here, we excluded our study outcomes from the imputation process used to identify the low-income sample. Missing values for household size were imputed using the same regression approach. We then used household size and the U.S. federal poverty guidelines to convert income into a percentage of FPL.
Our regression-based imputation model had an R-squared of 0.35, with sex, age, race/ethnicity, education, marital status, household size, employment, and state of residence all highly significant predictors (p<0.001) of income. Prior research (see Skopec et al., 2014) showed that regression-based imputation for missing values in the Gallup WBI produces an income distribution closer to that observed in Census survey data (particularly for the fraction of low-income adults), compared to omitting missing values.
In sensitivity analyses, we treated each income category as the lowest value in the respective category (e.g. $6000 for people reporting income between $6000 and $12,000), which produced a higher proportion of individuals with incomes below 138% of FPL, and we also considered the impact of excluding observations with missing values for income. See Appendix eTable 2 for these results. • WBI state-level estimates of the uninsured rate showed very high correlation with Census surveys, with correlation coefficients of 0.95 with the ACS and 0.89 with the CPS.
Additional Details on the Gallup WBI Methods and Comparison to Federal Survey Data
• Estimates related to access to care and self-reported health in the WBI generally fell within the range of estimates from the federal surveys that measured these variables, • Prior to June 2013, the WBI sample frame used random-digit dialing (RDD) for cell phones and then randomly selected households from listed landlines. At that time, roughly 3% of households were estimated to have unlisted landlines, which could have introduced bias since these households were not eligible for the survey unless they were also cell phone users. If anything, this bias was more likely to affect high-income households, who are presumably more likely to pay a fee for unlisted status.
Accordingly, the impact on our estimates of the uninsured rate and barriers to health care -outcomes concentrated among lower-income households -was likely minimal.
Beginning in June 2013, however, the WBI shifted to an RDD approach for both landlines and cell phones. To examine the potential impact of this change, we tested the effect of adding a binary variable to our regressions indicating pre-or post June 2013. 
Notes:
"95% CI" = 95% confidence interval. Sample contains adults ages 18-64, n=507,055 minus item non-response for each row (see Table 2 in text for sample sizes). "Monthly trend" based on multivariable regression model controlling for state, age, sex, race/ethnicity, marital status, urban vs. rural residence, employment status, income, state-year unemployment rate, and calendar month. Notes: "95% CI" = 95% confidence interval. Sample contains adults ages 18-64 with incomes estimated to be below 138% of the federal poverty level, depending on the imputation methods described in the table. Sample excludes the fourth quarter of 2013 as a washout period, and excludes observations with non-response for a given outcome. Analyses adjusted for state, month and year, age, sex, marital status, race/ethnicity, urban vs. rural residence, employment status, income, and state-year unemployment rate. Analyses used robust standard errors clustered by state.
Appendix eTable 2: Difference-in-Differences Analysis of the Medicaid Expansion, Using Alternative Approaches to Defining the Low-Income Sample
